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REPORT HIGHLIGHTS
• The Project for the Analysis of Technology Transfer (PATT)
completed its third year at the University of Denver Research
Institute in 1970. This report describes the status of research
tasks undertaken or completed during the year (Section I).
• In order to develop a more comprehensive understanding of
NASA-related technology transfer activities, a decision was
made late in June to adopt a much broader research strategy
for PATT. Implementing that decision led to the development
of "technology transfer profile presentations" (Section II).
• Initial steps were taken during 1970 to formulate a conceptual
model of the technology transfer process. The preliminary
model that emerged was derived primarily from analyses of
specific NASA technology transfer programs (Section III).
• PATT personnel have developed an operational plan for
strengthening the NASA Tech Brief Program (Section IV).
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SECTION I. OVERVIEW OF 1970 PATT RESEARCH ACTIVITIES
The Project for the Analysis of Technology Transfer (PATT)
completed its third year at the University of Denver Research Institute
(DRI) in 1970. Under contract to the National Aeronautics and Space
Administration (NASA), PATT initiated or completed several major
studies aimed at increasing what is known about the ways that technol-
ogies generated for government programs are acquired and applied by
persons in nonaerospace sectors of the American economy. The pur-
poses of this section are to provide a progress report on the nature and
status of the research tasks and to indicate in what directions the pro-
ject is moving as it enters its fourth year.
New Research Project Initiated
Early in 1970, a new technology transfer research project was
undertaken at DRI which has been conducted in parallel with PATT.
The new project, which grew out of and expanded upon basic technology
transfer studies conducted previously, was designed to identify and
assess how NASA-related work has contributed to major developments
in specific fields of technology. More specifically, the project involved
four principal tasks;
• Identifying major 3evelopments over the last five to ten years
in selected fields of technology by means of interviews with
experts in those fields.
• Determining what influence, if any, NASA work had on contri-
buting to those major developments.
• Identifying the ways in which the NASA work was made known
outside of the space agency.
0 Determining the impacts of the NASA contributions.
The need for conducting a study of this sort had come into focus
quite clearly during the first two years of PATT research. The scope
and methodology of the new study, however, were much different from
the purpose and approach of the basic project out of which it grew. As
such, it appeared quite important to treat this new investigation as a
relatively autonomous research effort. To this end, separate research
staffs, budgets, and reporting mechanisms were organized. Interested
readers are advised to refer to relevant NASA and DRI publications
4flowing from PATT's sister project, or "PATT II, " for additional infor-
mation in this area. A final report of the results of PATT II research
will be prepared in the winter of 1971-72.
Technology Transfer Profile Presentations
Most PATT researchrior to June 1970 dealt with identifyingp	 Y	 g
and assessing private sector uses of the Technical. Support Packages
(TSP's) associated with NASA Tech Briefs.	 The primary reason for
this emphasis was that this particular experimental technical commu-
nication program provided the most readily traceable and validated
source of technology transfer examples. 	 The case study method was
used as the principal technique for documenting specific technology
transfer activities.
A decision was made late in June to adopt a much broader
research strategy, one which changed both the survey and reporting
methods used until that time.	 The new PATT approach involved the
development of so-called "Technology Transfer Profile" presentations.
The presentations represented an attempt to be responsive to two
1	 requirements emerging from previous PATT research. 	 The first
requirement was to find some way of integrating the individual technol-
ogy transfer cases into a more comprehensive level of analysis.	 The
second long-felt need to which the presentations were to be responsive
was the idea of extending the data collection effort beyond the Tech
Brief program to include other experimental information dissemination
programs.	 With these requirements in view, PATT undertook the devel-
opment of three technology transfer profile presentations in 1970.
For the fields of plastics, lubrication and contamination control,
each presentation:
• Examined overall technical and economic trends in these fields;
• Identified significant NASA contributions to the field;
• Described the communications media, particularly publications
(e. g. , Tech Briefs, Contractor Reports), that have been used
to disseminate information about NASA contributions; and
Reviewed in profile form a number of different ways that
disseminated technologies are being used outside of the space
program.
1
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5A more detailed discussion of the events which led up to the devel-
opment of the technology transfer profile presentations is presented in
Section II of this report. For illustrative purposes, fact sheets sum-
marizing the contents of the three profile presentations prepared in
1970 are presented in Attachments A, B, and C. These and other trans -
fer profiles are scheduled for publication in 1971.
Technology Transfer Model
Initial strips were taken during 1970 to formulate a conceptual
model of the technology transfer process. The model, derived pri-
marily from data collected through PATT research activities, was to
be useful not only in identifying and describing fundamental character-
istics of the transfer process, but also in pinpointing areas where
current transfer programs might be augmented. Section III of this
report presents the general technology transfer model developed in
this phase of PATT research.
Tech Brief Program Modification Plan
By mid-1970, PATT personnel had essentially completed a sub-
stantial analysis of Tech Brief program operations. The primary pur-
pose of the analysis was to discover ways in which this particular
experimental program might be made more effective. An operational
plan for strengthening the Tech Brief program resulted. Details of
that plan are described in Section IV.
Transfer Data Bank Operations
One of the major PATT responsibilities during the year was the
maintenance of a data bank containing detailed information on nonaero-
space uses of technologies developed initially for space program appli-
cations. The data bank, which was organized at the inception of PATT,
contains information related mostly to industrial uses of Technical
Support Packages (TSP's) associated with NASA Tech Briefs. During
1970, PATT received and processed 15, 607 requests for TSP's which
had been sent to NASA. This increment brought the total number of
requests in the data bank to 47, 210. Additional facts concerning TSP
uses, derived from over 10, 000 mail questionnaires and 1, 000 telephone
interviews, also were entered into the data bank.
While the data bank was used primarily to monitor Tech Brief
program operations, it also served another important purpose during
-, a
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1970. It was expanded to include information on the technical and
economic impacts of the technology transfer activities resulting from
the May 1970 "NASA Conference on Materials for Improved Fire Safety. it
That impact information subsequently was used in preparing a technol-
ogy transfer profile presentation dealing with transfers of NASA contri-
butions to the fire safety field (to be published in 1971).
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Other PATT Activities
Conference impact analysis. In May 1970, the "NASA Confer-
ence on Materials for Improved Fire Safety" was held at the Manned
Spacecraft Center in Houston, Texas. Approximately 500 industrial
representatives and NASA personnel attended the conference to discuss
fire safety technology developed originally for use in the space pro-
gram. As noted above, a survey of the conferees was conducted to
determine the technical and economic impacts of the technology trans-
fer activities associated with the conference. In October, question-
naires were mailed to 182 non-NASA engineers and scientists who
attended the conference. The six month time lag was considered suf-
ficient for participants to make initial decisions concerning their use
of the technology presented. Sixty-two percent of the persons contacted
returned questionnaires. Telephone interviews then were conducted
with respondents who indicated on questionnaires that they had made
substantial progress in their attempts to apply fire safety technology
described at the conference. The results of this su ­ vey will be pre&
sented in a technology transfer profile presentation to be published in
1971.
Technology Transfer Example Files. The files are being devel-
oped primarily to supplement the technology transfer profiles described
above; however, it also is the objective of the PATT program to provide
interested persons with ready access to additional information on NASA-
related technology transfer activities. By the end of 1970, 346 individual
files--involving 634 transfer cases associated with NASA-developed
technologies --had been established, 44 of which were created during
the last two quarters of the year. A total of 79 files containing compre-
hensive summaries for 188 transfer cases had been prepared. Of the
188 cases, 106 were developed in 1970; 53 which had been developed
earlier were revised to include more up-to-date information. For a
detailed discussion of the files and the related information retrieval
system, see Section III of PATT Quarterly Report #1-1970.
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Technology transfer library and bibliography. Holdings in the
PATT library increased to 2, 028 titles by the end of the year. During
the same period, the DRI "Technology Transfer Bibliography" was
revised a • _d updated. It was scheduled for republication in 1971 as a
NASA Contractor Report.
NASA-related news clippings analysis. To augment PATT
sources of leads to technology transfer activities, news clippings taken
from magazines and newspapers published in the United States were
reviewed regularly throughout the year. The clippings, compiled for
the space agency by a professional clipping service, included all news
items which referenced space program activities. The majority of
the clippings dealt with NASA contracts being awarded, current events
(e. g. , moon landings), and newly-developed technology. During 1970,
PATT processed 1, 913 clippings taken from 521 different magazines
and newspapers. In screening the clippings, PATT personnel were
particularly concerned with identifying items that indicated some kind
of technology transfer activity in progress. Such items subsequently
were used to generate several new transfer cases for inclusion in the
technology transfer profile presentations.
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1	 * Now available as NASA Contractor Report CR -1724.
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The Project for the Analysis of Techoology Transfer (PATT)
was established at the university of Denver Research Institute in
November 1 .o7, under contract with the National Aeronautics and Space
'	 Administration, to undertake an inquiry into the ways technologies gen-
erated for use in the American space program are disseminated and
'	 utilized in other sectors of the economy. The following brief descrip-
tion of PATT activities focuses on some of the factors leading up to one
recent major change in the strategy used to meet research objectives.
Initial Approach to the Problem
When PATT began, principal attention wan devoted to arriving
at some specific understanding of the %%ays technologies generated for
use in the American space program are adapted for use in other sectors
'	 of the economy. The need for systematically investigating pare 	 :gar
instances of technology transfer was ;,ustified on two grounds. Previous
attempts to explain the transfer process were considered inadequate in
'	 terms of their empirical underpinnings: often too few instances of trans-
fer were available to clarify, in any quantitative way, the extent to
'	 which different kinds of transfer phenomena occur or fail to occur. In
addition, and perhaps more importantly, it appeared desirable to gener-
ate information indicating; the extent to which private sector attempts to
'	 use technologies developed originally for space program purposes are
producing tangible benefits for the rest of society.
'
	
	
PATT was organized pri ,.narily to identify particular instances
of technology transfer associated with the NASA Tech Brief program,
since this was the rriost readily traceable and validated source of trans-
ferable technology. A Tech Brief is used to announce the occurrence of
a technical innovation growing, out of NASA research and development
activities. It is a one- or two-page bulletin concisely describing an
iinnovation and explaining its basic concepts and principles. The reader
may obtain more information about the innovation, in the form of a
'	 Technical Support Package (TSP), by writing to the add: ess given on the
Tech Brief. Since the space agency kept records of the names and
addresses of persons regt;esting TSP's, an obvious and straightforward
link could be established with persons showing an interest in technologies
developed for use in the space program.
By June 30, 1970, NASA had issued over 3,500 Tech Briefs.
PATT personnel, by the same date, had processed nearly 40, 000 requests
10
for TSP's.	 Questionnaires had been mailed to approximately two-fifths
of those requesters, of whom roughly 9, 600 had returned questionnaires.
Approximately 750 telephcae interviews also had been conducted with
questionnaire respondents who indicated making substantial progress
 P	 g 	 inP	 B
adapting the technologies for their private use. 	 The interviews served
the purpose of pinpointing not only what difficulties had been encountered
to date in attempts to transfer the technologies, but also of roughly
estimating in some cases to what extent financial and other nontechnical
benefits had resulted.
Among other things, PATT research by mid-1970 confirmed the
following:
•	 Technology transfer can usefully be described as occurring in
four stages.	 Stage one transfers involve the recognition of
opportunity and searches for additional information to determine
the relevance of a technology to organizational activities.
Stage two transfers include laboratory verifications of materialsB	 Y
or techniques.	 Stage three transfer behavior involves either
market testing of prototypes or actual use of new technology in
operational activities. 	 Stage four transfers include those situa-
tions in which adopters are marketing technical products or
processes developed originally either by or for NASA. 	 Regard-
less of the type of technology involved, over three-fourths of the
TSP users contacted six months after they requesteu the docu-
ments could be grouped into stage one.
• Technical innovations developed by or for NASA rarely transfer
"intact. " In most cases, only certain elements of an original
technical configuration survive the transfer process. While a
few cases of intact transfer involving the use of TSP's were
identified, most often, as transfer activities progressed through
the four stages, only certain technical elements of an innovation
were retained.
• Many examples of transfer are stage-limited. The largest num-
ber of TSP users indicated acquiring the documents primarily
to keep up-to-date with developments in their fields of interest;
their reason for acquiring the documents literally was satisfied in
in the first transfer stage. Other TSP users indicated they
were in a type of "holding action" situation: they understood the
technology, had tested and favorably evaluated it, and intended
i
tto proceed with adaptation activities after financial, political,
or other kinds of transfer barriers were overcome by perceived
need or benefit.
u Annual cost savings of at least $3 to $4 million are estimated
to have accrued to TSP users during the last two years. This
estimate is conservative because, among other things, it does
not include the unknown benefits associated with the use of Tech
Briefs when TSP's were not requested or the monetary gains
resulting from sales increases.
The examples of technology transfer identified in the first
30 months of PATT activity thus were useful in generating a frame of
reference for describing NASA's use of Tech Briefs to initiate technol-
ogy transfer activities. That frame of reference not only mirrored,
but also expanded in some fundamental ways, models of the technology
transfer process developed previously by other investigators. Since
the Tech Briefs report a wide array of technical innovations, and in
view of the fact that a monthly average of more than 1, 000 individuals
request TSP's, the transfer examples cited in Congressional hearings
and elsewhere tended to reflect society-wide attempts to utilize tech-
nologies developed originally for space program applications.
Current Research Strate
PATT research thus generated a, considerable number of useful
results concerning the ope atior. of the Tech Brief program. It became
quite clear late in 1969, however, that other mechanisms used for
initiating and facilitating technology transfer also should be examined.
For several months, PATT personnel had been reviewing thousands of
magazine and newspaper clippings that described a variety of ways
people outside of the space program had learned about and were using
technologies developed for or by NASA. In addition, late in 1969 PATT
began processing approximately 200 transfer example files received
from NASA's Technology Utilization Office (TUO). Those files, which
T'10 had compiled over a period of several years, contained a number
of transfer examples involving the operation of transfer mechanisms
other than Tech Briefs. Contractor commercialization activities, parti-
cipation by NASA in-house and contractor personnel in technical con-
ferences, Biomedical Applications Team and Regional Dissemination
Center activities, and trade magazine articles describing technology
developed for the space program were among the types of transfer
mec.1ianisms involved. The fact that such mechanisms operate on a
11
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substantial scale in the technology transfer process was, of course,
well known before 1970.	 PATT research, however, did not focus on
identifying specific instances of transfer through these mechanisms
until mid-1970, primarily because of the emphasis on understanding
the operation of the Tech Brief program.
Several project planning conferences were held in the spring of
1970 with Technology Utilization Office personnel and other persons
knowledgeable in the field of technology transfer to determine how PATT
operations should be reshaped to reflect the improved understanding of
the technology transfer prt.--eas which had evolved. 	 A decision was
made in July 1970 to develop a series of "technology transfer profiles.
Each profile presentation would focus on a specific field of technology
(e. g. , plastics, contamination control, fire safety). 	 For each techni-
cal field, the profile presentation would examine overall trends in the
field; identify NASA contributions to the field by using appropriate tech-
nical and economic impact data; describe the ways such contributions
have been communicated to persons outside of the space program; and
finally, review the ways in which the communicated technologies are
being utilized in nonaerospace sectors of the American economy. 	 The
following resources were to be used in developing the profile
presentations;
• Information concerning NASA contributions should be derived
primarily from related NASA documents and personal inter-
views with in-house and contractor personnel involved in the
development of the technical contributions.
• Data on the operation of different communication mechanisms
should be derived from personal interviews with NASA in-house
and contractor personnel, a review of NASA-funded formal
transfer programs (e. g., Technology Application Teams,
Regional Dissemination Centers, Tech Briefs), and a review of
magazine and newspaper clippings.
• Instances of technology transfer activities associated with NASA
contributions to the field should include those cases generated
in the course of PATT research on uses made of Technical
Support Packages, as well as others identified in the examina-
tion of different transfer mechanisms.
Two fundamental considerations, one pragmatic and another
theoretical, led to the decision to develop technology transfer profile
f
1
presentations of the sort described above. For some time, NASA
descriptions of technology transfer activities focused on individual, and
usually isolated, cases involving secondary applications of technology
developed for the space program. This practice--citing instance after
instance of transfer activity--was found wanting in several respects,
particularly in terms of an audience's ability to understand what the
transfer examples meant in some broader context. The technology
transfer profiles, at least in concept, presented an alternate and hope-
fully more effective approach for dealing with the mode -of -presentation
problem. At the same time, the development of a meaningful model of
the technology transfer process required that the investigation of trans-
fer activities be expanded systematically beyond the framework of the
Tech Brief program.
The newly-integrated PATT program proceeded with the devel-
opment cof technology transfer profiles in July 1970. During the
remaining months of the year, profile presentations were developed
for the fields of plastics, lubrication, and contamination control. For
illustrative purposes, fact sheets summarizing the contents of these
presentations are presented in Attachments A, B and C. These and
other transfer profiles are scheduled for publication in 1971.
13
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SECTION III. A PRELIMINARY TECHNOLOGY TRANSFER MODEL
The Project for the Analysis of Technology Transfer, from its
inception late in 1967, has been operated to achieve both theoretical
and practical objectives. One of its principal activities has been to
accumulate accurate and comprehensive data related to the acquisition,
adaptation, and use by nonaerospace firms of technology developed
initially for use in America's space program. At the same time, con-
tacts with others involved in technology transfer research in other parts
of the country have been established and maintained for the purpose of
exchanging ideas and discussing emergent problems. Not infrequently,
attempts to analyze and interpret the data collected through PATT field
research benefitted considerably from the insights developed elsewhere.
There were a number of occasions, however, when the interpretation
of field data required the generation of new concepts. This is not sur-
prising since the particular set of transfer activities under PATT exam-
ination differed from the special interests of other transfer analysts.
It became quite clear early in 1970 that many previously devel-
oped technology transfer theories or models simply were not useful in
examining NASA-related transfer activities. While most of those models
are logically consistent, clear, and integrated, they often are not rele-
vant to space agency transfer experiences. And in cases where rele-
vance can be demonstrated, the language used often is so specialized
that only trained analysts can use the models comfortably.
In November 1970, NASA's Office of Industry Affairs and Tech-
nology Utilization requested that PATT deal directly with the need for
an understandable and relevant technology transfer model. This section
presents an initial progress report on the results achieved by the end
of 1970 in formulating such a model.
Preliminary Considerations
Technology transfer may be described broadly as the process
through which technical c -pability generated in the public sector of a
socio-economic system becomes widely adopted in the private sector
of that system. For present purposes, the transfer process is defined
to include (1) the National Aeronautics and Space Administration (NASA)
as the generating sector and (2) private industry frn its-many
16
manifestations as the adopting sector. * This approach is somewhatP g	 PP
narrow, but its purpose is to clarify several problems in technology
transfer from the vantage point of practical experience: experience
gained by NASA through the operation of its Office of Industry Affairs
and Technology Utilization and experience gained by the University of
Denver through the Project for the Analysis of Technology Transfer.
Among the several areas of concern in technology transfer
research, one of the most important involves the selection and defini-
tion of concepts used in describing the transfer process. Six concepts
are singled out here for special attention: sectors, transfer comple-
tion, transfer integrity, technology, technology diffusion and diffusion
of innovation. Different uses of these terms often have been responsi-
ble for griasking the occurrence of transfer or promoting unrealistic
measures of benefits associated with transfer activities.
Sectors. The concept of technology moving between sectors is
idealized: generating and adopting sectors do not exist in isolation.
There are different types of relationships between these sectors which
should be recognized. As a generator of technology, NASA is actually
comprised of its in-house capability, found in the respective research
centers, and its contractor capability, found in industries and organiza-
tions that extend far beyond the "aerospace" complex. Thus NASA-
generated technology often originates in organizations identified with
the private sector. For present purposes, such technology is treated
as being publicly held and available for use in the private sector.
Other important transfer relationships linking the public and
private sectors occur when (a) NASA requirements create a "first mar-
ket" for technology, one that is largely dormant in the private sector
(e. g. , the growth of the contamination control industry) and (b) NASA-
sponsored research creates new capabilities in specific organizations
operating in both the generating and in the adopting sectors (e. g. , TRW,
General Electric),	 I
Transfer Completion. Another area of confusion in technology
transfer research arisesni attempts to determine when transfer is com-
plete. Technology transfer is a process usually having two distinct
* It should be noted that the transfer activities of the NASA Technology
Utilization Office are not confined to the private sector; this focus
was chosen deliberately to limit the scope of the model.
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phases: adaptation and diffusion. There phases are quite different
from each other in terms of what is being done and who is doing it.
Adaptation occurs when someone in the private sector recognizes the
value of an innovation and adapts the innovation to the needs of that
sector. In a practical sense, a company completes the adaptation
phase when it introduces the transformed innovation to the industry or
markets in which it participates. With this introduction or emergence
of the innovation in the private sector, the diffusion phase of transfer
begins. Diffusion proceeds as other organizations in the private sector
also adopt the transformed innovation.
This distinction between adaptation and diffusion is crucial to
the description and understanding of the transfer process because
examples of transfer often are cited while the adaptation phase is still
predominant. Since the diffusion phase is controlled by social, economic,
and performance factors usually outside the influence of the generating
sector, diffusion may or may not occur. Successful adaptation without
subsequent diffusion is understandably seen as a transfer failure since
widespread use is not achieved. This partial transfer situation, which
occurs frequently, is mistakenly interpreted by some as a neg-
ative reflection on the transfer efforts of NASA. The real issue, how-
ever, is that adapters can and do misunderstand or miscalculate the
needs of prospective adopter groups. In other words, adapters' judge-
ments sometimes are not timely, economical or technically beneficial.
Transfer integrity. The concept of transfer integrity addresses
the following question: ''What actually transfers ?" Rapid and intact
transfer of an innovation is possible only when the need for adaptation
is minimal. Such transfers occur only when an original requirement
and potential application in the generating sector has a counterpart
requirement and application in the private sector. Close matches
between NASA mission requirements and private sector requirements
occur rarely. Since the requirements usually differ, the emergent
innovations also differ. In general, therefore, an innovation does not
transfer intact; instead, the technical elements underlying an innovation
transfer. During adaptation, an innovation is broken down into its com-
ponent elements; the components then are reassembled, usually in com-
bination with other technical components, in order to meet perceived
needs in private sector applications. A technical "chain" is forged,
therefore, through adaptation in which the original technical elements
form some of the links. It is this new chain that usually undergoes
diffusion and not the original innovation. There has been a strong ten-
dency to measure the effectiveness of NASA transfer efforts using
17
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evidence from rapid and intact transfer examples. 	 Unless the reason
for the rarity cf such occurrences is appreciated, the adaptation effec-
tiveness of transfer efforts cannot be understood. x
Technology. While it is important to ask what is transferred, it
is equally appropriate to ask what is generated.	 A principle, a process,
an embodiment, a technique, a concept, a study result, and even a com-
plete technical field have often been discussed as though each were part
of a homogenous mass called "technology. " Such a definition may be
useful when generalities are developed, but in terms of an ongoing pro-
gram to facilitate transfer, certain refinements are necessary. 	 In
each instance when NASA has generated technology, something innova-
tive occurred relative to the existing state-of-the-art. 	 If questions of
importance and complexity are ignored for the moment, it should be
clear that a technical contribution which redefines the state-of-the-art I
(e. g. , laser, transistor) in a particular field must have a very differ-
ent adaptation process compared to the adaptation process required for
a technical contribution which incrementally advances the state-of-the-
art only (e. g. , improved nondestructive testing techniques). 	 The
essential difference in the adaptation process concerns the type of
resources and facilities that the adopter must bring to bear during the
various stages of the adaptation phase of transfer.	 This relationship
f between the technical contribution and the requirements for adaptation
is completely hidden when the word technology is used loosely.
Contributions to any technical field can be classified roughly in
two categories: principles and practices. These categories are not
mutually exclusive. Principles include concepts and basic research
results having primarily a professional or disciplinary appeal. Prac-
tices include techniques or methods having primarily an operational
appeal. When principles transfer, the adaptation phase of transfer
usually is not clearly visible: often a single individual will perform the
adaptation work utilizing few organizational resources. Transferred
principles are recognized mainly in the diffusion phase, embodied in
emerging private sector innovations. By contrast, practices tend to
have more easily identifiable adaptation characteristics because of the
large scale involvement of organizational resources. To date, it has
been easier to identify the effectiveness of NASA transfer efforts in
cases involving practices rather than principles.
Technology diffusion. It is useful to make a distinction between
technology transfer and technology diffusion. Technology transfer may
v'	 as one te of intersectoral movement of technolo ,be sewed	 yp	 gy the
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kind associated with the implementation of public policy. Technology
diffusion occurs outside the influence of such public policy. Transfer
usually involves the operation of publicly funded and operated technical
information dissemination programs. Diffusion, by contrast, includes
the variety of purposive and accidental types of technical information
exchange that occur daily both in the private and publi sectors through
efforts of the trade press, supplier-customer relationships, profes-
sional society activities, informal person -to -person contacts, etc.
Commonly, however, the phrase technology transfer has been used to
refer to both types of activities. It is used as a global concept to
encompass any transfer of a technology from the environment in which
it was generated for original use to another, and usually unintend,,,i,
secondary environment for subsequent application. Technology transfer
is restricted here to the intersectoral movement of technology resulting
from implementation of public policy.
Diffusion of innovation. The technology transfer process cannot
be considered complete until an innovation is adopted widely in a sector
which did not generate the technology. The patterns of innovation adop-
tion throughout a second sector is the special concern of diffusion theory.
In Everett Rogers' classic work, Diffusion of Innovations, the origin and
adaptations of different technologies are appropriately ignored: innova-
tions appear within the adopting sector, and then diffuse in certain char-
acteristic ways. The movement of different technologies between sectors,
however, usually involves an adaptation phase, and it is this phase
together with the subsequent adoption phase that comprises research in
technology transfer.
Three Basic Model Elements
To work successfully with the imposing variety of interrelated
issues in technology transfer requires the use of a conceptual frame-
work that realistically encompasses basic dimensions of transfer pro-
cesses and systematically sets them within the broader socio-economic
context in which they occur. In the preliminary considerations portion
of this section, the context of transfer was described. That description
drew heavily from state-of-the-art knowledge in the field of technology
transfer. The purpose in this subsection is to identify and define three
basic dimensions of technology transfer which have become centrally
important in recent PATT examinations of NASA transfer activities.
The three dimensions are known as technical contributions, transfer
stages, and technical communications.
a
Technical contributions. Three different types of contributions
can be identified which advance the state-of-the-art in a technical field.
They are described in Figure 1.	 y
T ype of
Technical	 Examples From
Contribution	 Description	 NASA Files
	
I	 Redefines the state-of- 	 Inventing HYSTL (a new
the-art; tends toward	 high temperature poly-
principles rather than	 meric material)
practice
	
II	 Makes incremental	 Improving highway
advance in the state-of- 	 grooving techniques
the-art; tends to balance 	 (although known about
principles and practice 	 previously, now sub-
stantially refined)
	
III	 Consolidates the state-of- 	 Compiling contamination
the-art; tends toward	 control principles
practice rather than	 (although contamination
principles	 control procedures were
within the state-of-the-
art, NASA was the first
to present an integrated
s tatement of pr acti c es)
Figure 1. Descriptions and Examples of Three DifferentB	 P	 P	 Types
of Contributions to a Technical Field.
Contributions have inherent characteristics of complexity and
importance. The amount of resources and facilities required for
adaptation is related to complexity. Importance is related to the
adapter's perception of benefits And finally, the type of contribution,
in terms of the state-of-the-art, defines the kinds of resources and
facilities required.
The purpose of highlighting this relationship is to explain why
it is so important to study an innovation and determine its implications
for the adaptation process . For instance, the more complex an innova-
tion, the greater the need for laboratory space, equipment, specialists,
and capital in order to adapt. There are fewer potential adapters as a
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consequence. The more important the innovation in terms of the state-
of -the -art, the greater the potential for multiple sector adapters because
benefit is more readily perceived. The type of contribution thus equates	
,
with the scale of the adaptation effort: while Type I implies extensive
adaptation, Type III suggests minimum adaptation effort.
One consequence of this conceptualization that should be empha-
sized is that there are many ways to make a transfer program more
effective, i poring cost considerations. These include, but are not
limited to, developing more adequate methods for identifying potential
users, and intervening in the adaptation process by providing some or 	 j
all of the resources and facilities required. Either of these approaches
can be operationalized; however, they may entail substantial political
considerations as well as high program cost.
Transfer stages. Any specific transfer of a technology rr:iy be
described as a series of related activities that progress through four
different stages. Figure 2 illustrates this "transfer stages" concept.
1	 L	 3	 4
Initial	 Engineering	 In-House	 Full-Scale
Awareness	 Evaluation	 Use or	 Marketing
and Review	 Market
Testing
Figure 2. Four Technology Transfer Stages.
Stage one is characterized by an initial awareness on the part
of a potential innovator working in the private sector of the existence
of a new technology generated for space program purposes. During
this transfer stage, the potential innovator may search for additional
information concerning the technology in order to determine its rele-
vance to his interests. Stage two involves specific attempts to adapt
the new technology to fit the requirements of the private sector. These
attempts usually involve laboratory tests and evaluations. A transfer
experience progresses into stage three under one of two conditions:
either an industrial firm begins to use the adapted technology in its own
operational (e. g. , processing) activities, or a firm begins to market
test prototype versions of the adapted innovation. Only those firms
with plans to market a technology ever progress into the fourth transfer
22
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adapted technology in the private sector.
Throughout this description of transfer stages, an important
distinction is made between two kinds of transfer activities: 	 adaptation
and adoption.	 Adaptation activities, in which a technology generated in
the public sector is shaped to fit the requirements of a private sector
firm spans across the first three transfer stages. 	 While the adaptation
work usually is conducted by a private sector (i. e. , commercial or
industrial) firm, the important point to note is that the technology ori-
ginating in the public sector cannot emerge as a force affecting diffusion
throughout the second sector until adaptation is complete.	 With the I
completion of adaptation activities, diffusion of the adapted innovation
begins in the private sector--usually in the fourth transfer stage. 	 For
example, an innovation in clothing designed for lunar exploration must
undergo a process of adaptation before it can be utilized by a textile
manufacturer; following adaptation, social and economic constraints
are operative that affect the :diffusion of the transformed clothing inno-
vation into different textile markets.
Technical communications.	 The issue of how potential adopters
in the private sector come to know about and evaluate technology gener-
ated under public sector funding has remained implicit up to this point.
As a dimension of technology transfer programs, however, this issue
is of fundamental importance. 	 Its basic role in transfer activities is
most obvious in the foregoing description of the first transfer stage:
without technical communication, adaptation and diffusion processes
could never get underway.	 Similarly, technical communications can
facilitate the movement of technology through the various transfer
stages by making relevant additional information available to private
sector organizations.
r	 It is useful to identify three different groupings of communica-
tions media that technology transfer programs employ to disseminate
technical information. 	 The three groupings--professional-technical,
t	 trade, and mass communications media--are described in Figure 3.
I°	 They tend to differ from each other in terms of their specific audiences
t-	 and the information needs and media use preferences of those audiences
0
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Media	 Usual	 Audience Media	 Dimensions of Technology
Grouping	 Audiences	 Preferences	 Usually Treated
Professional-
	 Research-oriented Interpersonal contacts, Principles rather than practices
Technical	 scientists and conferences. Journals, in considerable depth
engineers technical reports, textbooks
Trade	 Commercially
 -oriented Interpersonal contacts, trade Technical practices; economic
engineers, technical shows, Industrial magazines, and marketing considerations in
managers and salesmen vendor catalogs considerable depth
Mass	 Laymen Science fairs, popular Social and economic significance
magazlnes and newspapers, of new technologies
papers, television, radio
Figure 3. Desc-I.ptions of Three Communications Media Groupings
Through Which Audiences in the Private Sector Often
Come to Know and Interpret Technologies Generated
in the Public Sector.
Formal technology transfer programs, such as the one operated
by NASA, are designed principally to insure that information concerning
technical developments resulting from government-sponsored research
and development is made available to the maximum extent possible for
the nation's benefit.	 To achieve this objective requires, in NASA's
case at 'least, the identification, documentation, and dissemination of
a broad spectrum of technical information concerning innovation in the
public sector.	 Technology dissemination efforts by the government
have relied both upon the use of existing technical communications
media (e. g. , conferences, industrial magazines) and upon the develop-
ment of new media (e. g., NASA Tech Briefs, Technology Utilization
Surveys).
The information presented in Figure 3 identifies two important
facts which must be considered in evaluating the communications effec-
tiveness of technology dissemination programs. 	 The first is that dif-
ferent audiences prefer to employ certain media in obtaining information
on emergent technology; the second is that these audiences are searching
for quite different information when they use particular media.	 Some
of the communications media, such as NASA Special Publications,
match the media preferences and specific information needs of d&:erent
audiences quite closely. 	 Other general announcement media, such as
NASA Tech Briefs, satisfy the most general information needs of a
large number of various audiences; at the same time, however, they
necessarily ignor-- the media preferences and specific information
needs of particular audiences. 	 When, as sometimes happens, the
' information disseminated through general announcement media is
1
1
repackaged and republished in more traditional media, the dissemina-
tion effort more closely satisfies the information requirements and
media preferences of potential private sector users of the information.
At the heart of this conceptualization is a distinction between
dissemination and communication: both are necessary in order to
achieve planned technology transfer. Dissemination is that element
of the transfer process that can be planned. Communication, however,
usually cannot be planned; furthermore, it occurs only in conjunction
with user participation and as a consequence •)f adequate dissemination
activ4l' eb .
Concluding Comments
In the preliminary considerations portion of this section, a
distinction was drawn between the occurrence of transfer between closely
related sectors and the occurrence of transfer between widely separated
sectors. A common example of transfer between closely related sec-
tors is encountered when NASA contractors develop new technologies.
In cases where contractors have rights to inventions, they are free to
develop private sector applications. Such occurrences of "transfer"
are characterized by the fact that the resource and facilities require-
ments for completion of adaptation have been favorably influenced by
the concentration of professional acti ,;rity leading to the innovation. In
other words, one adapter is in an advanced stage of adaptation when the
innovation is announced. In such cases, an innovation is moved more
rapidly into the diffusion stage of transfer.
Another special case of transfer arises when contractors gen-
erate innovations in order to meet NASA procurement specifications.
BY	 gcreatin a "first market" condition for these contractors, the space
agency stimulates internal contractor activity that improves products
or processes on a selected basis. Innovations of this type may diffuse
rapidly because adaptation is complete when NASA purchases and
applies the technology.
Finally, it should be noted that the generators of technology
(particularly government generators) ordb:iarily cannot directly affect
the rate of transfer beyond the first transfer stage unless an agent or
agency is developed to intervene in the second and third transfer stages.
The adaptation process is energized and sustained only when perceived
benefits are viewed as sufficiently high; the stronger the perceived
24
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benefits, the more likely needed organizational resources and facilities
will be committed to the transfer effort. While technical considerations
tend to be more significant in the first two transfer stages, social and
economic factors become far more important as transfer activities
proceed into the third and fourth transfer stages.
.	 .
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SECTION IV. A GENERAL PLAN FOR STRENGTHENING
THE TECH BRIEF PROGRAM
One of the major objectives of the NASA Technology Utilization
Office involves "improving means for dissemination of the new tech-
'	 nology resulting from NASA aerospace activities to scientific and
engineering communities, other Government agencies, and interested
public and private organizations" (NASA NMI 1134. 8, June 1, 1966).
During the reporting period, PATT personnel completed a substantial
analysis of the Tech Brief program. Part of that analysis was aimed
at identifying ways in which the program could be made more effective.
This section presents an operational plan for strengthening the Tech
Brief-Technical Support Package (TSP) program. Preceding the plan
is a summary of background material which provides a b p 6is Tor_1 e
proposed changes.
The background material was generated in four different aspects
of research conducted on the Project for the Analysis of Technology
Transfer: (1) TSP request letters sent to NASA; (2) questionnaires
returned by persons ordering TSP's; (3) interviews with certain ques-
tionnair respondents whose answers suggested the desirability of
further contact; and (4) the technology announced in Tech Briefs.
The common denominator for each of these aspects was the user's
request fo r. TSP's. The paint to be emphasized is that facilitating tech-
nology transfer, in this context, reduces to a problem of inducing poten-
tial users to order TSP's. Inducement can be thought of as a marketing
strategy, an operational plan.
I. BACKGROUND MATERIAL
Characteristics Based on TSP Requests and Returned Questionnaires
Non-NASA Users of Space Technology
• Of all requesters of Technical Support Packages,
55 percent worked in firms employing fewer than
500 employees.
! Persons in manufacturing firms accounted for
65 percent of all TSP requests. Within the
manufacturing category, electrical and non-
electrical machinery industries represented
µ.
A
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nearly one 	 of all TSP requests.	 Few TSPY	 q
requests were received from the textiles and
material, furniture and wood products, paper,
rubber and plastics, or the food products
industries.
•	 Engineers and managers accounted for 75 percent
of all TSP requests.	 Scientists represented
10 percent of all requesters, and librarians
3 percent.
• Over 80 percent of TSP requesters reported earn-
ing $12, 500 or more per year.
• In terms of formal education completed, 45 per-
cent of the requesters held bachelor's degrees,
30 percent master's degrees, and 11 percent
Ph. D. Is.
The Uses Made of Space Technology	 I
• Two-thirds of all TSP requesters reported using
TSP's to keep up-to-date with developments in
their technical fields.
• Only one out of eight TSP requesters reported	 I.
no benefits from TSP usage. Individuals within
smaller firms were twice as likely to report no
benefits as those in larger firms.
• One-quarter of all TSP requesters reported using
TSP's to help solve specific technical problems.
The Nature of the Technology Found Useful	 I
• Twenty-eight percent of the documented transfers
involved the development of new products or
materials; 10 percent included product improve-
ment. Twenty-one percent of the transfers
represented new applications for existing prod-
ucts or materials; 16 percent had to do with new
processes; 25 percent fell in the miscellaneous
category.
29
• Another way of looking at the natur.- c.r tt a tech-
nology is to note that 75 percent of the transfers
involved electrical and materials technology; by
contrast, TSP's in the physical sciences category
were consistently low in generating documented
transfers.
User Evaluation of TSP's
• User evaluations of TSP's related to the benefits f
received. When no benefits resulted, evaluations
tended to be low. When benefits were of an eco-
nomic nature (primarily for problem solving),
users gave TSP's a favorable, or above average,
rating 9 times out of 10.	 g
• There were noticeable differences in rating by
	
y:	 technical categories. Life sciences and mate-
rials TSP's rated consistently high, while
physical sciences and computer program TSP's
were judged consistently low.
• Tech Briefs originating from Marshall generated
over one-half of all TSP requests and rated highest
in quality.
Characteristics of Transfer Case Studies
A strong association was noted between the number of TSP
requests for a given Tech Brief and the number of documented transfers
which that Tech Brief generated. Through 1968, 10 percent of the
Tech Briefs had identifiable transfers; they accounted forapproximately
two-thirds of all TSP requests. Other characteristics of these Tech
Briefs were identified:
• The Tech Briefs can be stratified into two main
classes based on content: general (i. e. , those
dealing with problem classes) and specific
(i. e. , those dealing with particular hardware or
	
t	 techniques). The proportion of general Tech
Briefs has increased each year (from 3 percent
in 1965 to 46 percent in 1968). general Tech
Briefs provided a significantly higher proportion
of the transfer examples.
1
30
• Handbooks and manualsart of the general Tech(P	 g
Brief classification) represent less than 1 per-
cent of the Tech Briefs distributed, but generated
approximately 25 percent of all TSP requests
and 25 percent of the transfer cases studied.
• Within the specific content classification, Tech t
Briefs citing patent action or license require-
ments predominated (approximately 2 to 1).
Characteristics of Technologies Announced in Tech Briefs
• Certain Tech Briefs are not likely to generate
many TSP requests because constraints of
various types are operative, including:
(1)	 highly specialized technology (e. g. , basic
research techniques);
(2)	 highly specialized user audience or environ-
mental extremes (e. g, , turbine
manufacturers) ;
(3)	 high capital investment (e.g. , purchasing
costly machinery); and
(4)	 cost effectiveness (or market potential)
limitations on incremental technical
improvements.
•	 The reflection of a unique technical considera-
tion in the Tech Brief is associated with higher
request frequency..
F
• The more mature the technology, the more y
likely the TSP will have a high request fre-
quency.	 Conversely, Tech Briefs that report
experimental or conceptual technology do not
tend to generate large numbers of requests.
• Announcing the availability of TSP's in pro-
fessional or trade publications appears to be
associated strongly with high TSP request
O vN _ , 1
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frequency. Tech Briefs having secondary publica-
tion have twice the probability of high request
frequency for TSP's as compared with Tech Briefs
not so publicized.
• The "Selected Technical Advances" series of the
Small Business Administration has exercised a
strong positive influence upon TSP requests;
republication of Tech Briefs in that series has
correlated strongly with high request frequency.
The background information presented in this section can be
unified through the following observations.
The Tech Brief program, as developed, serves its users in
two major ways: problem solving and current awareness. The rapid,
intact adoution of announced technolo g ies associated with urcblem
solving should be viewed as the exceutional rather than the usual mode
of transfer. Why? Primarily because the probability is quite low that
relevant technology reported in TSP's will reach a potential user at the
specific time he is working on a particular problem or in the exact
form required. In addition, users' strong identification of a current
awareness value suggests that the major impact of the program lies in
slow, incomplete adaptations. In all transfer cases technical information
is adapted to specific uses; embodied forms of the technology, however,
do not necessarily transfer intact.
II. GENERAL PLAN FOR MODIFICATION OF THE PROGRAM
tY
p.
P
Statement of Objectives
The NASA Tech Brief program has three principal objectives:
(1) The most important program objective is to
systematically identify, evaluate, and document
certain NASA contributions to the store of
knowledge.
(2) The next most important is to provide "awareness"
resources to the technical community.
(3) The least important objective is to provide
resources for rapid technical problem solving.
1
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The point of emphasis here is that designing the system to maxi-
mize payoff for objective #3 is consistent with maximizing payoff for
objectives #1 and #2. These objectives will be accomplished if the Tech
Brief program is established as a basic technical resource in the
industrial community.
Technology announced through the present program can usefully
be divided into two classifications: general and specific. The general
classification is distinguished by its relevance to broad problem areas:
it usually is reported in manuals, handbooks, and compendia. The
specific classification is recognized by the singular or discrete nature
of its potential application: it is often embodied in devices, techniques,
and incremental improvements.
For present purposes, assume that general Tech Briefs would be
distributed to higher-level managers in industrial firms as is done at
the present time, while specific Tech Briefs would be sent to individuals
identified through professional associations. It may be expected that
company officers or department heads will route general 'Tech Briefs
to particular veople because they can recognize the relevance of general
information to in-house research activities. Individual professionals
operate at the level where specific technology can be rapidly adapted.
The strategy suggested here would be to reach such specialists with
specific technology, comprised of related Tech Briefs. By grouping
Tech Briefs, both current and retrospective, a relevant information
unit equivalent in impact to the general Tech Brief described above
could be placed in the hands of potential adopters. The operational plan
attempts to outline how this strategy might be accomplished.
The Operational Plan*
The operational plan proposed is essentially a transition proce-
dure which creates the individual mailing lists and groups specific tech-
nologies without doing violence to the present Technology Utilization
Program. The approach will take certain groups of "specific" Tech
Briefs which have proven relevance and distribute such Tech Briefs
through corresponding professional associations so that individuals are
Recommendations in the proposed operational plan are made without
reference to cost considerations. It should be noted, however, that
implementation of the plan would not require substantial cost increases
in Tech Brief program operations.
n*
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reached on a discipline basis.	 The intent over the long run is to distri-
bute all specific technologies through proven special groupings. 	 Each
special grouping will draw on both current and past Tech Briefs.
Initially only two or three special groupings should be undertaken 44
(possibly electrical, metalworking, or instrumentation). 	 The main
effort should be directed toward developing mailing lists and should be
approached through professional societies. 	 The reediting should be
minimized so that available documentation can be utilized. 	 The purpose {
in working with only a small part of the specific classification is to
develop the detailed procedures for grouping and distributing Tech
Briefs without disrupting the present flow.
	
As these procedures are
institutionalized, other special subject area groupings can be developed F
so that the Master Authority Address List distribution of "specific"
Tech Briefs can be phased out entirely.
Points of Emphasis for the Present Program J
Tech Briefs.	 The Master Authority Address List for Tech
YBrief distribution appears to have serious deficiencies. 	 As a first step
all individuals on the list should be contacted with a form letter and
asked if they want to continue receiving Tech Briefs and, if so, in
which of the nine technical areas. 	 Those not responding should be
dropped from the distribution list.
To further supplement the mailing list, a number of technical
publications should be encouraged to present stories or announcements
concerning the "new" Tech Brief program and how to participate in it.
Particular emphasis should be given to trade publications serving indus-
tries that do not at the present time participate to any great extent in the
program. This would include textiles and apparel, furniture and wood
products, leather, rubber, plastics, and primary metals.
TSP Distribution Methods. The distribution of TSP's should
continue to be handled by the NASA Centers, and efforts should be made
to bring requesters into even more intimate contact with the generators
of new technology through Technology Utilization Officers.
To stimulate additional TSP requests, a definite program should
be developed for sending Tech Briefs and TSP's to selected trade publi-
cations. This should not be handled on a mass mailing basis, but rather
should be a highly sel%sctive program working with somewhere between
25 and 50 publications which have indicated some interest in reporting
interesting new NASA technology. Technical editors of candidate
publications should be contacted to determine their interest and to solicit
suggestions on how such a program should be handled. There is an
important opportunity here to help establish the special distribution
system.
Republication of Tech Briefs. The available evidence suggests
that if good technology is republished in some form., it will have a con-
tinuing impact. Three specific forms of republication should be
considered.
• Tech Brief "Classics. " Every three months,
those Tech Briefs that have generated 50 or
more total requests, and where there is at
least one documented transfer example,
should be republished. The only suggested
change in the format of the republished Tech
Briefs is an indication at the top of the page
that the Tech Brief is considered to be excep-
tional. It is also suggested that the republished
Tech Brief be printed on a different colored
paper. Other than these two changes, the
reissued Tech Briefs would be put through
exactly the same process of distribution as for 	 r
a brand new Tech Brief.
• Compilations. Logical groupings of Tech ..
Briefs and other technical materials not pre-
viously published as a Tech Brief appear to be
a useful way of disseminating new technology.
As indicated earlier, fine?ings show that the
more general the technology, the more likely
that TSP requests will result and transfers
will occur.	 The compilation is a way of
generalizing what has previously been very
specific pieces of new technology. 	 The distri-
bution network for compilations should be exactly
the same as for Tech Briefs. 	 In other words, 1
the compilations themselves should be sent to
everyone on the mailing list and to the technical
publications.	 The impact of the compilations can
be independently measured via the present PATT
follow-up program by simply modifying the ques-
tionnaire to indicate that a TSP was ordered as a
l
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result of reading the compilation.	 As compila-
tions are being prepared transfer examples should
be identified for possible inclusion among the
Tech Briefs and other technical materials. 	 The
inclusion of successful transfer :examples probably
will significantly enhance the value of the com-
pilation by increasing its credibility.	 Also,
inclusion of the examples should be useful in
convincing scientists and engineers that useful
technology is in fact coming from the space
program.
• Other Special Publications.	 The Small Business
Administration's "Selected Technical Advances"
series is an extremely important way of announc-
ing new technology, and every effort should be
made to continue to cooperate with the SBA or
any other group desiring to republish NASA tech-
nology in some useful format. 	 SBA should also
be encouraged to send out Tech Brief compilations
to persons on its mailing list.
1
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ATTACHMENT A
CONTAMINATION CONTROL: FACT SHEETS OT TMMARIZING MAIN
POINTS PRESENTED IN TECHNOLOGY TRANSFER PROFILE*
Statement
In order to satisfy its mission requirements, NASA developed
many; specific technical innovations in contamination control for hard-
ware reliability, planetary quarantine and astronaut safety. A wide
variety of nonaerospace applications for these inventions has been
documented.
Under contract to NASA, Sandia Corporation in Albuquerque,
New Mexico produced two volumes, Contamination Control Principles
in 1967 and Contamination Control Handbook in 1969, which constitute
the first conceptual and methodological integration of the technology.
These two references are used extensively by manufacturers and users
of contamination control equipment.
NASA and its contractors provided specifications and one of the
first major markets for the contamination control equipment manufac-
turers. This market influence extended from 1962 through 1967 and
promoted the standardization and mass production for a wide range of
equipment which is now used for contamination control in hospitals and
industries such as television, pharmaceuticals, electronics, computer
hardware and food processing.
Participants
• NASA headquarters and field centers (particularly Marshall
Space Flight Center, Manned Spacecraft Center, and Kennedy
Spacecraft Center);
• NASA contractors (particularly Sandia Corporation);
• Three government agencies (Department of Defense, Atomic
Energy Commission, and Department of Agriculture); and
• Thirty-seven hospitals and companies (e. g. , General Electric,
Becton-Dickinson, Dow Chem-1cal, Xerox Data Systems,
Washington University Medical School).g	 Y
^ "NASA Contributions to the Contamination Control Field: A Tech-
nology Transfer Profile," Industrial Economics Division, University
of Denver Research Institute, Denver, Colorado. (In Press)
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Data
•	 NASA publications related to cont"mination control include
67 Tech Briefs, 235 Contractor Reports, 32 Technical Memor-
andums, 28 Technical Reports, and 25 others;
have had•	 Four major producers of laminar flow equl*.pment	 an
aggregated average annual growth rate of 34 percent in gross
sales between 1962 and 1970 while the percentage of sales to
the aerospace industry has dropped from 95 percent in 1962 to
10 percent in 1970.	 Sales to NASA and its contractors have
amounted to more than half of the aerospace market. 	 Total
sales in 1970 for the four companies amounted to approximately
$9 million;
• Approximately $200 million was spent b	 irdustr	 in 1970 onPP	 Y	 P	 Y	 Y
contamination control and $75 million of this was for the instal-
lation of new clean rooms;
•	 Iin 1965, only one hospital in the United States had a clean room
for surgery and by mid-1970, 25 hospitals were using clean
rooms for surgery, intensive care units and entire wards;
• Approximately 2, 000 clean work stations were being used by
the pharmaceutical industry in early 1969;
•	 Steri-tized, Inc., a New York chemical company, has improved
two of its bacteriostatic coating products for use on textiles and
vinyls and reduced their production cost by 25 percent by includ-
ing some of the nonmercury chemical compounds from a bacterio- .,
static coating	 developed by NASA for its planetary quarantine
program;
• More than 1, 000 copies of the Contamination Control Handbook
have been sent in response to requests from companies and
individuals--one example is Xerox Data Systems which has used
it as a primary reference to save more than $15, 000 in pur-
chasing equipment and developing production line contamination
control procedures which have doubled the number of $30, 000
disc files passing quality control inspection; and
• ENVIRCO, a contamination control equipment manufacturer in
Albuquerque, New Mexico, has found several new markets for
portable laminar flow units developed for NASA assembly lines:
injection molding production lines for petri dishes, drug assem-
bly lines, milk carton filling lines and television studios. For
the latter application the equipment is installed for about $700
s41
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and increases the operating time for video tape heads between
overhauls costing several hundred dollars from 70 hours to
600 hours.
Basis of Estimates ar
•	 4"Iformation on 1, 872 companies and individuals requesting
Technical Support Packages (TSP's) associated with 67 contam-
ination control Tech Briefs; 382 TSP questionnaires returned
by those requesters; 53 telephone interviews with TSP users;
•	 Telephone interviews with 11 equipment manufacturers, 7 con-
tamination control experts outside the aerospace industry,
3 NASA contamination control experts, the editor of Contami-
nation Control;
•	 Personal interviews with 3 contamination control experts at
the Sandia Corporation; and
• Numerous literature sources including the Contamination Con-
trol magazine, technical journal for the American Association
for Contamination Control.
Narrative Abstract
Most of the present contamination control field, which consists
of a technological base, equipment manufacturers, and the industrial
user group, was created since 1950 to satisfy the requirements of
N^.SA, DOD and the AEC.	 Many of the related manufacturing com-
panies were founded in the early 1960 ' s when the aerospace industry
was the primary customer. 	 This market influence extended from 1962
through 1967 and promoted the standardization and mass production for
a wide variety of equipment which is now used for contamination control
in hospitals and industries such as television, food processing, pharma-
ceuticals, electronics and computer hardware. 	 An estimated $200 mil-
lion is spent yearly on industrial contamination control.
Two of the fundamental developments in the field were produced
at the Sandia Corporation in Albuquerque, New Mexico. 	 The first
occurred in 1959 when Willis Whitfield invented laminar flow clean rooms.
This provided the means for controlling airborne contaminants by using
filtered, flowing air.	 The second, produced under contract to NASA,
was a two -volume reference work which provided the first conceptual
and methodological organization of the technological base for contami-
nation control.
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NASA has developed many specific technologies, which comple-
ment these major breakthroughs, to solve mission oriented problems
concerning hardware reliability and planetary quarantine. Similar
problems occur in nonaerospace industries; and contamination control.
technology is rapidly spreading to many other applications such as
intensive patient care and surgery in hospitals, maintenance of labor-
atory animals for drug research, maintenance of pharmaceutical
integrity during processing, pollution detection, protecting dairy pro-
ducts during containerization, nonmercuric bacteriostatic coatings for
textiles and vinyls in the home,and protecting delicate equipment during
production. The last application has increased, frequently doubled, the
number of finished products which pass quality control inspection,and
this decreases the cost of production. Typical examples include color
television tubes, microcircuitry and electronic equipment for indus-
trial and consumer products,and computer hardware.
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ATTACHMENT B
LUBRICATION: FACT SHEETS SUMMARIZING MAIN POINTS
PRESENTED IN TECHNOLOGY TRANSFER PROFILE*
Statement
NASA scientists have produced significant innovations in lubri-
cation technology to satisfy performance and reliability requirements.
These contributions have created a new state-of-the-art for many phases
of lubrication during extreme operating conditions such as very high or
low temperatures, large ball bearings at high speeds and heavy loads,
vacuum, zero gravity, high reliability for extended use, and great sta-
bility. They include new dry film lubricants and methods for applying
dry lubricants, testing and evaluation of lubricants and lubricating
methods to generate necessary data, new metallurgical techniques for
improved bearing surfaces, and new lubricating methods. Industrial
applications of this technology are just beginning as design engineers
realize the extent to which the frontiers and limitations formerly
imposed by lubrication and bearings have been moved forward with
NASA research.
Par tic ipants
• NASA field centers (primarily Marshall Space Flight Center
and Lewis Research Center);
• Many NASA contractors (e. g. , Midwest Research Institute,
SKF Industries, New Departure Hyatt, and Bendix);
•BoeiNineteen companies (e. g. , Marlin Rockwell, 	 g, Mobil and
Lipe -Rollway); and
• Two professional societies (American Society of Lubrication
Engineers and American Society of Mechanical Engineers).
Data
• The U. S. petroleum industry produces oil and grease worth
more than $500 million annually, and more than $1. 4 billion
worth of bearings were sold in 1970;
"NASA Contributions to the Lubrication Field: A Technology Trans-
fer Profile," Industrial Economics Division, University of Denver
Research Institute, Denver, Colorado. (In Press)
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• NASA publications on lubrication technology include 43 Tech
Briefs, 79 Technical Reports, ?? Contractor Reports, 48 Tech-
nical Notes, 33 Technical Memorandums and 6 others;
• National Standard Company has produced a special coated wire
since 1966 by using a dry film lubricant developed by NASA--
the lubricant solved a technical problem which had prevented
production of the wire;
• Lipe-Rollway is conducting a developmental project based on
a NASA lubricating device to evolve new products;
• A California orthopedic surgeon is working jointly with Lewis
scientists to develop better artificial hip and elbow joints from
hexagonal crystal alloys invented at Lewis;
• Varian Vacuum has greatly reduced production costs and
improved product wear life by using a NASA technique for
applying solid lubricants to components in these products; and
• New Departure Hyatt has increased the wear life for its ball
bearings which are used in General Electric's aircraft turbine
engines by applying expertise developed under NASA contract
for guidance gyroscope bearings.
Basis of Estimates
• Information on 786 persons requesting Technical Support Pack-
apes (TSP's) associated with 43 lubrication Tech Briefs;
141 questionnaires returned by those requesters; 19 telephone
interviews with TSP users;
• Personal interviews with lubrication experts at Lewis Research
Center;
• Telephone interviews with lubrication experts at Marshall Space
Flight Center and five companies; and
• Literature from professional and trade publications.
Narrative Abstract
The cornerstone of mechanical design is always performance
and reliability; lubrication and bearing technology directly control both
of these parameters. This has been the case since man first attached
wheels and box together to form a cart. The attachment mechanism
and its lubrication with animal fat were, for many centuries, the
1
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state -of -the -art. 	 This technology now enables us to have cars, jet
engines, industrial machinery and even teflon-coated cooking utensils.
The design of higher performance machinery with greater reliability"
must follow advances in this state -of -the -art.
	
NASA scientists have
produced significant innovations in lubrication technology to advance
the frontiers so that NASA's mission requirements could be satisfied.
These contributions have created a new state-of-the-art for many
phases of lubrication during extreme operating conditions such as very
high or low temperatures, large ball bearings at high speeds and heavy
loads, vacuum, zero gravity, high reliability for extended use, and
great stability.
r
Design engineers are discovering that two basic features of
space age lubrication technology are relevant to their work: the vari-'
ety of earth-oriented industrial applications for these same conditions
such as vacuum deposition of coatings on textiles and 'nigher speed
aircraft turbines for generating electrical power; and the extent to K-
which the frontiers and limitations formerly imposed by lubrication
and bearings have been moved forward with NASA research. 	 A few of
these new applications for NASA technology include new lubricating
methods being adapted for industrial roller bearings under heavy loading;
new coated wire products after a NASA dry lubricant solved a basic
production problem; new self-lubricating alloys for artificial hip and
elbow joints; improved dry lubricant bonding techniques for X-ray
machine bearings; and better lubrication and surface treatment tech-
niques for aircraft turbine bearings to increase wear life.
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ATTACHMENT C
PLASTICS: FACT SHEETS SUMMARIZING MAIN POINTS
PRESENTED IN TECHNOLOGY TRANSFER PROFILE*
Statement
NASA contributions to the field of plastics include dozens of
materials formulations and hundreds of new processing and design
zpplicat:-ins in such areas as high temperature polymers, fire resis-
tant or retardant materials, adhesives and composite materials.
.	 Especially significant work has been done in the area of high temper-
ature polymers. Three specific polymers of this type developed for
NASA are HYSTL, P13N, and Pyrrones. All three have proved impor-
tant enough to warrant market testing by private firms.
Par tic ipants
• Research and development by NASA's Langley Research Cen-
ter and Lewis Research Center; TRW, Inc.; Avco Systems
Division; and Hughes Aircraft Company; and
o Commercial producers: TRW, Inc.; Geigy Industrial Chemi-
cals; HYSTL Development Company; Avco Systems Division; and
Hughes Aircraft Company.
Data
• Pyrrones have long-term strength at 500°F, short-term strength
at 1, 000 °F, and can withstand up to ten times the radiation that
will degrade other polymers;
• P 13N is produced by a process that eliminates the generation of
unwanted byproducts. It has high temperature strength and is
impervious to a variety of chemicals;
• HYSTL is easily processed, has a long shelf life at room temper-
ature, is workable in the precured state and cures rapidly. It
has high temperature strength, good chemical stability, and
* "NASA Contributions to the Plastics Field: A Technology Transfer
Profile," Industrial Economics Division, University of Denver
Research Institute, Denver, Colorado. (In Press)
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1	 ATTACHMENT C
PLASTICS: FACT SHEETS SUMMARIZING MAIN POTNTS
PRESENTED IN TECHNOLOGY TRANSFER PROFILE*
Statement
NASA contributions to the field of plastics include dozens of
materials formulations and hundreds of new processing and design
-1ppILcat:,)ns in such areas as high temperature polymers, fire resis-
tant or retardant materials, adhesives and composite materials.
Especially significant work has been done in the area of high temper-
ature polymers. Three specific polymers of this type developed for
NASA are HYSTL, P13N, and Pyrrones. All three have proved impor-
tant enoui ,, h to warrant market testing by private firms.
Participants
• Research and development by NASA's Lan g ley Research Cen-
ter and Lewis Research Center; TRW, Inc. ; Avco Systems
Division; and Hughes Aircraft Company; and
a Commercial producers: TRW, Inc. ; Geigy Industrial Chemi-
cals; HYSTL Development Company; Avco Systems Division; and
Hughes Aircraft Company.
Data
• Pyrrones have long-term strength at 500°F, short-term strength
at 1, 000 °F, and can withstand up to ten times the radiation that
will degrade other polymers;
• P13N is produced by a process that eliminates the generation of
unwanted byproducts. It has high temperature strength and is
r	 impervious to a variety of chemicals;
• HYSTI. is easily processed, has a long shelf life at room temper-
ature, is workable in the precured state and cures rapidly. It
has high temperature strength, good chemical stability, and
''NASA Contributions to the Plastics Field: A Technology Transfer
Profile,'' Industrial Economics Division, University of Denver
Research Institute, Denver, Colorado. (In Press)
ik
unusual electrical properties and radiation stability. The origi-
nal developer has recently invested $1, r , 90, 000 to organize a
company to market this material; and
• Three Tech Briefs relating to these high temperature polymers
have generated 947 requests for additional information.
Basis of Estimates
• 18 telephone interviews with developers and users;
• 354 questionnaire ., sent to individuals who requested informa-
tion concerning these high temperature polymers; and8	 P	 P Y
• Articles in three trade and professional journals.
:Narrative Abstract
With an average growth rate of 11 to 15 percent per year since8 B	 P	 P Y
the early 1940 1 x, plastic materials is one of the nations's fastest growing
industries. A significant part of the progress made during the last
decade in high temperature polymer development must be credited to
technology developed under NASA sponsorship. The formulation of
Pyrrones by chemists at Langley Research Center in 1964, for exam-
ple, defined the state-of-the-art in thermal stability and radiation
resistance. They have long-term stability at 500°F and can withstand
up to ten times the amount of radiation that degrades other polymers.
While trying to develop ablator binders and adhesives for NASA,
a California aerospace firm discovered a new method of processing a
class of plastic :materials known as polyimides. The new process elim-
inates the generation of water and volatile byproducts, permits rapid
curing, and simplifies storage. The resulting polymer, named P13N,
has high temperature strength and is impervious to a variety of chemicals.
During 964 while attempting to develop new materid,lh ro •8	 ^	 P g	 P
rocket thrust chamber ablators, a NASA contractor discove^. , e,.z. a. -Lew
class of thermosetting plastics. While unsatisfactory for a-31aror appli-
cations, its potential for use in other situations was immediately
obvious. The material, called HYSTL, is noted for its processing sim-
plicity, long shelf life at ambient temperatures, workability, and rapid
curing. HYSTL has high thermal strength, good chemical stability, and
good radiation stability. The original contractor has recently invested
$1, 500, 000 to form a company to market this material. 	 I
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These developments and many others like them are examples
of the kind of work in the space program which has the potential for 	
IN,
generating a wide range of benefits in the private sector of the national
economy.
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